
c 

Southwes t  F i s h e r i e s  C e n t e r  A d m i n i s t r a t i v e  Repor t  H-80-5 

A MULTISPECIES HOUSEHOLD PRODUCTION ANALYSIS OF RECREATIONAL FISHING 

WITH DISPOSITIONAL BENEFITS 

Michae l  F. Adams 
Southwcs t F i s h e r i e s  C e n t e r  Honolu lu  L a b o r a t o r y  

N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e ,  N O M  
Honolu lu ,  Hawaii 96812 

March 1980 



A MJLTISPECIES HOUSEI101,D PRODUCTION ANALYSIS OF RECREATIONAL FISHING 

WITH DISPOSITIONAL BENEFITS 

The most common management measures  f o r  r e c r e a t i o n a l  f i s h e r i e s  i n v o l v e  

c o n t r o l s  on number of f i s l i  l anded  by s p e c i e s ,  f i s h  s i z e ,  and number of 

f i s l i i i ig  t r i p s .  P rcv ious  s t u d i e s  i n  r e c r e a t i o n a l  f i s h i n g  do n o t  combine a l l  

t h e s e  p o l i c y  v a r i a b l e s  t o  c>valu, i te  t h e i r  i n t e r d e p e n d e n c y  i n  t h e  r e c r e a -  

t i o n a l i s t ' s  consumption d e c i s i o n .  Fu r the rmore ,  p r e v i o u s  s t u d i e s ,  which 

a t tempt  t o  estim.ite t h e  rii'irgincll v a l u a t i o n  o f  f i s h e r y  r e s o u r c e s  used i n  

r e c r e a t i o n ,  do  n o t  r c c o # n i z < >  t h e  commercial  o r  s u b s i s t e n c e  b e n e f i t s  g e n e r a t e d  

when t h e  r e r r e a L i o n < i l  c-atcli is s o l d  o r  k e p t  f o r  home consumpt ion .  T h i s  c a n  

lend  t o  m i s i n t c r p r ( ~ t , i t f o n : ;  u f  t l ic v a l u e  e s t i m a t e s  p l a c e d  on  t h e  r e s o u r c e  and 

o f  tlie es t im,i ted beli ' ivioi-  i n  r e c r e a t i o n a l  f i s h e r i e s .  I n  t h e  p r e s e n t  s t u d y  

t h e  t h e o r y  of household  p r o d u c t i o n  is a p p l i e d  t o  r e c r e a t i o n a l  f i s h i n g  t o  

i n c l u d e  each  o f  t h e  most cormnon p o l i c y  v a r i a b l e s .  The r e s u l t s  o f  t h i s  

a p p l i c a t i o n  i n  t h c  c o n c e p t u a l  model show t h a t  t h e  u s u a l  i n t e r p r e t a t i o n s  of  

r e c r e a t i o n a l  r e s o u r c e  v a l u e s  are  a l t e r e d  when use of  t h e  r e s o u r c e  a l s o  

i n v o l v e s  c o m e r c i a l  o r  s u b s i s t e n c e  a c t i v i t i e s .  Except  in c a t c h - a n d - r e l e a s e  

f i s h e r i e s ,  t h e s e  d i s p o s i t i o n a l  b e n e f i t s  are usual ly  p r e s e n t .  

The t h e o r y  of household  p r o d u c t i o n  a p p l i e d  i n  t h e  n e x t  s e c t i o n  

r e p r e s e n t s  a new i n t e r p r c b t a t  i o n  of consumer c h o i c e  t h e o r y  developed  by 

Becker , Lancas t e r ,  and  Mutlr. Simply p u t ,  househo lds  combine goods and t i m e  

t o  produce  f i n a l  commodities f o r  consumpt ion .  I n  r e c r e a t i o n a l  f i s h i n g ,  
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c e r t a i n  a t t r i b u t e s  are  uscti to d e s c r i b e  t h e  a c t i v i t y .  This approach  c o n t a i n s  

a mor(’ comple te  frarnc.work to  i m p u t e  v a l u e s  d i r e c t l y  t o  t h e  f i s h e r y  r e s o u r c e  

and a n a l y z e  t h e  consumption b e h a v i o r  i n  t h e  r e c r e a t i o n a l  a c t i v i t y .  Shor t -  

comfngs of t h e  t r a v e l - c o s t  and d i r e c t - i n t e r v i e w  methods of  e s t i m a t i n g  

r e s o u r c e  v a l u e s  a r c  d i s c u s s e d  by Cochebn and Langford .  Hammack and Brown 

deve lop  a g r c a t l y  improved mcthod of  r e s o u r c e  v a l u a t i o n  based  on a n  

e x t e n s i o n  of the d i r e c t  i n t e r v i e w  approach  which h a s  much i n  common w i t h  

t h e  household  p r o d u c t i o n  approach  used  i n  t h e  p r e s e n t  p a p e r .  However, 

t h e i r  model d o e s  n o t  r e c o g n i z e  t h e  in t e rdependcncy  between p o l i c y  v a r i a b l e s  

s i n c e  r e s o u r c e  dcmand f u n c t i o n s  a r e  e s t i m a t e d  by impos ing  a p r i o r i  

r e s t r i c t i o n s  i n  t h c l  e m p i r i c ; ~ l  model.  A l s o ,  t h e y  do n o t  c o n s i d e r  d i s p o s i t i o n a l  

benef i t s  i n  tticir i n t c r p i - c t , i t  i u n  o f  the r e s u l t s .  

1 ’ 1 1 ~ ~  dcve loped  lrous(~Iio1d p r o d u c t i o n  model f o r  r e c r e a t i o n a l  f i s h i n g  is 

t e s t c t l  u s i n g  a two-s tep  Iic.doni c p rocedure .  Rosen d e v e l o p s  t h e  p r o c e d u r e  

by combining t h e  t h e o r y  of l iousehold p r o d u c t i o n  w i t h  t h e  p rac t ice  of 

a d j u s t i n g  p r i c e  i n d c x c s  f o r  q u a l i t y  changes i n  goods ( G r i l i c h e s ) .  Brown, 

Charbonneau and Hay u s e  t h c i  p rocedure  i n  a s t u d y  of f i s h  and w i l d l i f e  

r e c r e a t i o n a l  r e s o u r c e s .  But t h e y  do n o t  e v a l u a t e  t h e  i n t e r d e p e n d e n c y  

between s p e c i e s  c a p t u r e d .  A l so ,  t h e  i m p o r t a n t  p o l i c y  v a r i a b l e  of animal 

s i z e  w a s  n o t  a v a i l a b l e  i n  t h e i r  d a t a  f o r  a n a l y s i s ,  n o r  d i d  t h e y  i n t e r p r e t  

t h e i r  r e s u l t s  w i t h  due  c o n s i d e r a t i o n s  f o r  d i s p o s i t i o n a l  b e n e f i t s .  

The p r e s e n t  s t u d y ,  t h e n ,  e x t e n d s  t h e  p r e v i o u s  work i n  o u t d o o r  

r e c r e a t i o n  by showing thc impact  of  d i s p o s i t i o n a l  b e n e f i t s  on t h e  m a r g i n a l  

v a l u a t i o n  of r e c r e a t i o n a l  rcbsources i n  a c o n c e p t u a l  model;  e s t i m a t i n g  t h e  

demand f o r  a f i s h c r y  r c ~ s o u r c e  when i t  Is measured i n  f i s h  s i z e  as w e l l  a s  

number of f i s h ;  a n d ,  i u  dcwind,  e s t i m a t i n g  i n t e r s p e c i e s  r e l a t i o n s h i p s  f o r  a 



1 

3 

m u l t i ~ i p p c j ~ ~ s  f i s l r e r y .  1:inai l y ,  t h e s e  r e s u l t s  are  used  t o  assess changes  

i n  wel fa re  f o r  p o l i c y  mccisIlrcs which a f f e c t  c a t c h  ra tes  by  s p e c i e s .  The 

r e s u l t s  may a l s o  be used t o  assess p o l i c i e s  c h a n g i n g  t h e  mean f i s h  s i z e  of 

t h e  c a t c h  and the a n n u a l  number o f  household  b o a t i n g  t r i p s .  

C o n c e p t u a l  Model 

" A % ~ l c :  ~ p ~ t ' '  ~ d ~ 7  R C P P O C ~  i o r z t z l  Boating nnd Fishing 

'i comrliodity i n  housclto Id p r o d u c t i o n  t h e o r y  i s  a n a l y z e d  as b e i n g  

c h a r a c t e r i z e d  by a b u n d l e  of a t t r i b u t e s .  The a t t r i b u t e s  embodied i n  a 

b o a t i n g  a c t i v i t y ,  11, a r e  t o t a l  number of  f i s h  l a n d e d ,  c ,  mean s i z e  of t h e  

f i s h  l , indc>d,  s , number o f  b o a t i n g  t r i p s  w i t h  p a r t i c i p a t i o n  i n  a f i s h e r y ,  c 

t r , 'irid nuintier o f  t ~ o , i t i n g  L I  I p s  wliich d o  n o t  i n v o l v e  f i s h i n g ,  t 8 . 
E x p r e s s i n g  t h e  bo , i t i ng  commodity o s  a f u n c t i o n  of i t s  a t t r i b u t e s  w e  have  

c r  I3 = B(c,  s , t , t q  . 

Each b o a t i n g  conunodi ty is d i f f c > r c n t i a t e d  by t h e  combina t ion  of a t t r i b u t e s  

g i v e n  i n  equnt  ion ( 1 ) .  'Tlie c o m b i n a t i o n s  of a t t r i b u t e s  a r e  s u f f i c i e n t l y  

l a r g e  f o r  t h e  household  c h o i c e  among t h e  a l t e rna t ive  b o a t i n g  commodit ies  

t o  be  c o n t i n u o u s .  However, t h e r e  may ex i s t  some c o n s t r a i n t s  t h a t  l i m i t  

t h e  f e a s i b l e  se t  o f  a t t r i b u t e  c o m b i n a t i o n s .  For  example, i t  i s  no t  

t c c h n i c a l l y  f e a s i b l e  i n  t l i c  model t o  l a n d  f i s h  w i t h o u t  t a k i n g  a f i s h i n g  

t r i p .  However, w i t t i i n  tlic f e a s i b l e  s e t  of  b o a t i n g  commodit ies  a 

s u f f i c i e n t l y  l a r g e  number o f  c o m b i n a t i o n s  of  c and t r  e x i s t  f o r  t h e  c h o i c e  

t o  be  c o n t i n u o u s .  This a s s u m p t i o n  i m p l i e s  t h a t  t h e  c a t c h  p e r  t r i p  w i l l  

v a r y  between h o u s e h o l d s .  A f u r t l i e r  a s s u m p t i o n  i s  t h a t  t h e  household  

consumes o n l y  one  t y p e  o f  b o a t i n g  commodity and commits i t s e l f  t o  t h e ,  
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c h o i c e  a t  t h e  bei ; inning o f  the  f i s h i n g  s e a s o n .  S i n c e  t h e  b o a t i n g  commodity 

i s  d i f f e r e n t i ' i t e d  by t h c i  a t t r i b u t e s ,  t h e  amount househo lds  pay f o r  t h e  

commodity i s  i n f l u e n c e d  by  thca a t t r i b u t e s .  

C I' = P ( B )  = P ( c ,  s , t r ,  t g )  . 

T o t a l  e x p e n d i t u r e s  f o r  t h e  b o a t i n g  a c t i v i t y ,  P ,  a r e  e x p r e s s e d  a s  a f u n c t i o n  

of  the same attribute,? which c h a r a c t e r i z e  t h e  a c t i v i t y .  

The  household consiimpt i o n  d e c i s i o n  i s  f o r m u l a t e d  by c o n s i d e r l n g  a 

w e l l  behaved u t i l i t y  f u n c t i o n ,  

( 3 )  u = u(x, B )  

whcre x is  a l l  o t h c r  goods.  I t  is assumed t h a t  t h e  m a r g i n a l  r a t e  of 

s u b s t i t u t i o n  be twec ,n  a n y  p\iir o f  b o a t i n g  a t t r i b u t e s  i s  f u n c t i o n a l l y  

independen t  o f  x .  S u b s t i t u t i n g  f o r  B ,  t h e  u t i l i t y  f u n c t i o n  t h e n  i s  

r e w r i t t e n  as 

( 4 )  u = U(x, c ,  s c ,  t r ,  t g )  . 

The budget  c o n s t r a i n t  is  developed  from money-time r e s o u r c e s  a v a i l a b l e  

t o  t h e  household  and money-time e x p e n d i t u r e s .  Income, y ,  i s  e q u a l  t o  t h e  

p roduc t  of work t i m e ,  t", and wage r a t e ,  w. 

(5 )  
w 

y = t w .  

T o t a l  a v a i l a b l e  t i m e ,  t ,  i s  t ~ q u a 1  t o  t h e  sum of work t i m e ,  o t h e r  household  

a c t i v i t y  time, t x ,  and the t w o  components o f  b o a t i n g  t i m e .  

t = t  W + t x i - t r + t g ,  
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S o l v i n g  f o r  tW i n  e q u a t i o n  ( 6 ) ,  s u b s t i t u t i n g  i n t o  e q u a t i o n  (5) and 

r e a r r a i n g i n g  yf c l d s  tlic money-time r e s o u r c e  o r  f u l l  income. 

( 7 )  t w  = y + t"w + t r w  + tgw . 

F u l l  income,  as  developed  i n  t h e  c o n t e x t  of household  p r o d u c t i o n  by 

Uecker ,  r e p r e s e n t s  t h e  morley income i f  a l l  a v a i l a b l e  t i m e  were devo ted  t o  

work. Equa t ion  ( 7 )  d e s c r i b e s  one  b a s i c  r e s o u r c e  s i n c e  household  p r o d u c t i o n  

t h e o r y  h ig l i l  i g h t s  t h e  t r a d e o f f s  between time and goods i n  t h e  p r o d u c t i o n  

o f  f i n a l  commodit ies .  O n  the e x p e n d i t u r e  s i d e  of  t h e  household  budge t  

c o n s t r a i n t  t h e  t o t a l  money and time c o s t s ,  E ,  o f  a l l  i n p u t s  t o  produce  x 

a n d  13 ; ire 

wliere the p r i c e  of x i s  one a n d  o n l y  one  u n i t  of B i s  consumed. Equa t ing  

t h e  h o u s e h o l d ' s  r e s o u r c e s ,  t w ,  i n  e q u a t i o n  ( 7 )  w i t h  e x p e n d i t u r e s ,  E ,  i n  

e q u a t i o n  ( 8 )  y i e l d s  the  household  budget  c o n s t r a i n t  

( 9 )  y + t x w  + t r w  + t g w  = x + P(B) , 

T h i s  c o n s t r a i n t  s t a t e s  t h a t  t o t a l  money and t i m e  r e s o u r c e s  a v a i l a b l e  t o  

t h e  household  a re  expended on t h e  goods and t i m e  r e q u i r e d  t o  o b t a i n  f i n a l  

1 Foo tno te  1 household commodi t ics .  

Assuming a cornpctftivck i m p l i c i t  marke t  e x i s t s  f o r  each  b o a t i n g  

a t t r i b u t e  and each  marke t  i s  i n  e q u i l i b r i u m ,  t h e n  t h e  i m p l i c i t  p r i c e  f o r  

a n  a t t r i b u t e  i s  mcnsurcd b y  the f i r s t  d e r i v a t i v e  of  P ( B )  i n  e q u a t i o n  ( 2 )  

w i t h  respec t .  t o  tlic a t t r 1 l ) u t e s  (Iiosen) . The f o l l o w i n g  i n t e r p r e t a t i o n s  

o f  tlic i m p l i c i t  p r i c e s  f o r  the b o a t i n g  a t t r i b u t e s  a re  developed  from t h e  
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f i r s t  o r d e r  c o n d i t i o n s  f o r  maximizing e q u a t i o n  ( 4 )  s u b j e c t  t o  e q u a t i o n  

( 9 )  where J. i s  t h e  Lagr,inge m u l t i p l i e r .  ( S u b s c r i p t s  i n d i c a t e  d e r i v a t i v e s . )  

(1 3 )  

I n  t h i s  i 

.. 
+ W  p f - 

tr ux 

l t i a l  modcl t h e  l iouseliold makes no o t h e  u s  e f t h e  f i s h  

r e s o u r c e  except i n  t h e  game o f  c a p t u r e .  T h e r e f o r e  i n  e q u a t i o n s  (10) and 

(11) a n e c e s s a r y  c o n d i t i o n  f o r  u t i l i t y  n iax imiza t ion  i s  t h a t  t h e  household  

a d j u s t s  c and sc u n t i l  i t s  w i l l i n g n e s s  t o  pay f a r  t h e s e  q u a l i t i e s  o f  t h e  

f i s h e r y  r e s o u r c e  a re  equated  t o  t h e  r a t e  a t  which the househo ld  is  w i l l i n g  

t o  s u b s t i t u t e  x f o r  c and s c  i n  r e c r e a t i o n  a l o n e .  

(13) t h e  i m p l i c i t  p r i c e  o f  a f i s h i n g  t r i p  o r  s i m p l e  b o a t i n g  t r i p  which does 

n o t  i n v o l v e  f i s h i n g  is  eqiial t o  the s u m  o f  t h e  n e c e s s a r y  m a r g i n a l  s a c r i f i c e  

of  o t h e r  commodit ies  p l u s  t h e  n e c e s s a r y  f o r g o n e  e a r n i n g s .  

I n  e q u a t i o n s  (12 )  and 

Impl ic i t  PrZcos uith Further Use of the  Recreational Catch 

F i s h ,  l i k e  c e r t a i n  typc?s  of hun ted  game, is  a un ique  r e c r e a t i o n a l  

r e s o u r c e  s i n c e  i t  may y i e l d  b e n e f i t s  as a food s o u r c e  a s  well as  a n  i n p u t  

t o  a r e c r e a t i o n a l  a c t i v i t y .  The r e c r e a t i o n a l l y  caugh t  f i s h  a re  a t  t h e  
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h o u s e h o l d ' s  d i s p o s i t i o n  f o r  e i t h e r  re lease ,  home consumption o r  sa le .  

I r e f e r  t o  t h e  i n c r e a s e  i n  a11 a t t r i b u t e ' : ;  i m p l i c i t  p r i c e  g e n e r a t e d  by 

c o m e r c i a 1  sa les  o r  s u b s i s t e n c e  u s e  o f  t h e  c a t c h  as d i s p o s i t i o n a l  b e n e f i t s .  

By i n c l u d i n g  t h e  v a r i o u s  u s e s  o f  t h e  f i s h e r y  r e s o u r c e  i n  t h e  model ,  t h e  

need t o  s e l e c t  a r b i t r a r y  d e f i n i t i o n s  f o r  r e c r e a t i o n a l ,  s u b s i s t e n c e ,  and 

commercial  f i s h e r i e s  bccoincs unnecessa ry  f o r  a n a l y t i c a l  p u r p o s e s .  The 

household  c o n s i d e r s  bo th  r e c r e a t i o n a l  and d i s p o s i t i o n a l  b e n e f i t s  i n  i t s  

consumption d e c i s i o n .  In some f i s h e r i e s  t h e  d i s p o s i t i o n  o f  c a t c h  i s  used 

a s  a n i n a g e n e n t  mmsurc : .  Catch and release f i s h e r i e s  p r e c l u d e  t h e  sub- 

s i s t e n c e  o r  commercial  u se  of  t h e  r e s o u r c e .  I n  such  f i s h e r i e s  t h e  recren- 

t i o n a l  a c t i v i t y  i s  commonly r e f e r r e d  t o  as  a "pure  spo r t " - - the  a b s e n c e  o f  

n u n - r c c r e n t l o n a l  m o ~ i v a t  ions f s one i n t e r p r e t a t i o n  of  t h e  term. I n  o t h e r  

f i s h e r i e s  commercial  ~ ~ 1 1 ~ ~ : ;  a r c  p r o h i b i t e d  b u t  l a n d i n g  t h e  f i s h  f o r  homc 

consumption i s  allowed. 

Recons ide r  t h e  household  u t i l i t y  f u n c t i o n  i n  e q u a t i o n  (3 )  r e w r i t t e n  

w i t h ,  f ,  t h e  number o f  f i s h  consumed. 

( 1 4 )  U = U(x, f ,  B) 

f 
Food f i s h  f o r  home consumption may b e  pu rchased  a t  p ( s  ) p e r  f i s h  which 

depends  on t h e  s i z e  of  the marke t  f i s h ,  s f ,  s e l e c t e d  by t h e  househo ld .  

F i s h  f o r  home Consumption may a l s o  b e  o b t a i n e d  from the h o u s e h o l d ' s  

r e c r e a t i o n a l  c a t c h  i n  t h e  c o u r s e  of  t h e  b o a t i n g  a c t i v i t y .  The r e c r e a t i o n a l  

c a t c h  can  a l t e r n a t i v e l y  be s o l d  a t  p ( s c )  p e r  f i s h  which w i l l  v a r y  by f i s h  

s i z e .  With t h i s  i n f o r m a t i o n  t h e  budget  c o n s t r a i n t  i n  e q u a t i o n  (9 )  may 

be r e w r i t t e n  a s  

f f 
(15) y + tXw + t r w  + t6w + t w + p ( s c )  c = x + P(B)  + p ( s  ) f 
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f f 
The n e w  t c 1 r i I i s  o n  tlic l c > f t  s i de ,  t w ( t  i s  t h e  t i m e  devo ted  t o  f i s h  con- 

c sunipt ion)  a n d  p ( s  I C ,  r e p r e s e n t  t h e  r e a l l o c a t i o n  o f  t ime  i n  f u l l  income 

and the supplement: t o  money income, r e s p e c t i v e l y .  Money income i s  

supplemented  by p ( s c ) c  i f  t h c  c a t c h  i s  s o l d  o r  i f  i t  i s  k e p t  f o r  home 

consumption.  Th i s  assunic-s no p r i c e  d i f f e r e n t i a l  between t h e  e x - v e s s e l  

and r (h tn i1  l c ~ v c l s .  Thcrcforc . ,  wtwn s e q u a l s  s , as  i n  a s u b s i s t e n c e  

f i s h e r y ,  p(s ) clquals p ( s  > .  F i n a l l y ,  t h e  new term on t h e  r i g h t  s i d e  of  

e q u a t i o n  ( 1 5 ) ,  p ( s  ) f ,  r e p r e s e n t s  t h e  e x p e n d i t u r e  f o r  food f i s h .  

C f 

C f 

f 

N e w  i m p l i c i t  p r i c e s  a r c  d e r i v e d  f o r  t h e  f i s h e r y  r e s o u r c e  from t h e  

f i r s t - o r d e r  c o n d i t j o n s  f o r  ixiximizing ( 1 4 )  s u b j e c t  t o  (15)  now t h a t  

d i s p o s i t i o n  o f  ttic c a t c h  t i a s  bc,r.n i n t r o d u c e d  i n t o  t h e  model.  When t h e  

c;itch is  comrncrc i ;~ l lv  s c i l t l  [ t ic e q u i l i b r i u m  p r i c e s  a t e  

"SC + ap(sC)  
a sc P ,  = -  

?; ux 

The p r i c e  f o r  each  measure of t h e  f i s h e r y  r e s o u r c e  is  e q u a l  t o  t h e  r e s p e c t i v e  

p r i c e  i n  t h e  p u r e  s p o r t  f i s h e r y  ( e q u a t i o m ( 1 0 )  and ( 1 1 ) )  p l u s  marginal  

r evenue .  For number o f  f i s h  m a r g i n a l  r evenue  is t h e  p r i c e  p e r  f i s h .  F o r  

f i s h  s i z e  i t  i s  t lw chank:c* i n  t h e  p r i c e  p e r  f i s h  w i t h  respect t o  f i s h  s i z e  

m u l t i p l i e d  by  ttic t o t a l  numl)cr o f  f i s h  l a n d e d .  The l a r g e r  t h e  c a t c h  t h e  

g r e a t e r  a r e  the p o t e n t i a l  l ) c % n c > f i t s  o f  a n  i n c r e a s e  i n  f i s h  size. When c 

i s  g r e a t e r  t h a n  z e r o ,  m a r g i n a l  r evenue  i s  t y p i c a l l y  g r e a t e r  t h a n  z e r o  s i n c e  

t h e  a b s o l u t c  y i e l d  from a f i s t 1  i n c r e a s e s  w i t h  f i s h  s i z e .  However, t h e  p r i c e  

p e r  f i s h  w i l l  f a l l  i f  t h c  commercial p r i c e  p e r  pound is  d i s c o u n t e d  s u f f i c i e n t l y  

f o r  l a r g e r  f i s h .  
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The i m p l i c l  t p r i c e s  <ii-c’  e x p r e s s e d  d i f f e r e n t l y  wlien t h e  c a t c h  is  k e p t  

f o r  home consumption 3s  i n  a s u b s i s t e n c e  f i s h e r y .  The monetary e q u i v a l e n t  

of  a m a r g i n a l  u n i t  o f  u t i l i t y  i s  l/X which may b e  w r i t t e n  a s  

f 1 2- = m 
x uf  x u  

from t h e  f i r s t  o r d e r  c o n d i t i o n s .  Under t h e  c o n d i t i o n s  of  a s u b s i s t e n c e  

f i s h e r y  d i scussc t l  a1,ovc. a n d  s u b s t i t u t i n g  from e q u a t i o n  (18 ) ,  t h e  i m p l i c i t  

pricc.s a r e  r c ! w r i t t t . n  as  

(19)  

These r e s u l t s  show that i n  a s u b s i s t e n c e  f i s h e r y  t h e  household  i s  i n  

e q u i l i b r i u m  when i t  i s  w i l l i n g  t o  pay t h e  monetary e q u i v a l e n t  o f  t h e  

summation of m a r g i n a l  u t i l i t i e s  o f  f i s h  i n  r e c r e a t i o n a l  a c t i v i t i e s  and food 

consumpt ion .  For t h e  f i s h  s i z e  a t t r i b u t e  t h e  m a r g i n a l  u t i l i t y  of f i s h  i n  

s u b s i s t e n c e  i s  weighted  by t h e  r e l a t i v e  change  i n  f i s h  p r i c e  w i t h  r e s p e c t  

2 Footnote  2 t o  f i s h  s i z e  and number of f i s h  l a n d e d .  

T y p i c a l l y ,  t h e n ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n s  n o t e d ,  t h e  i m p l i c i t  

p r i c e s  f o r  number of f i s h  laiided and f i s h  s i z e  w i l l  b e  g r e a t e r  when f u r t h e r  

u s e  o f  t h e  c a t c h  is  p e r m i t t e d .  I n  t h e  p r e s e n c e  o f  d i s p o s i t i o n a l  b e n e f i t s ,  

t h e  marg ina l  v a l u a t i o n  of t h e  f i s h e r y  r e s o u r c e  s h o u l d  b e  a s s o c i a t e d  w i t h  

t h e  commercial  o r  s u b s i s t c r i c e  u s e  o f  t h e  r e s o u r c e  as w e l l  as t h e  r e c r e a t i o n a l  

Table  1 u s e .  Tab le  1 summarizes t hcsc  r e s u l t s  o f  t h e  household  p r o d u c t i o n  model. 
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A p p l & x t i o n  of tiit? I m p 7 i i - i t  I’r.iccs 

The household  p r o d u c t i o n  model f o r  r e c r e a t i o n a l  b o a t i n g  i s  o p e r a t i o n -  

a l i z e d  b y  use  of Rosen’s  hedonic  p r i c i n g  t e c h n i q u e .  The p r o c e d u r e  f o l l o w s  

two s t e p s  w i t h  a s sun ip t io r i scons i s t en t  w i t h  t h e  above model.  The f i r s t  s t e p  

a s  di.:;cribcd i n  tlic p r e v i o u s  s e c t i o n  r e q u i r e s  t h e  e s t i m a t i o n  of  P(U>-- 

r e g r e s s  t o t a l  money and time e x p e n d i t u r e s  f o r  t h e  a n n u a l  b o a t i n g  commodity 

on thci boat in! ;  c h d r n c t e r i s t i c s ,  c ,  sc ,  t r y  and t g .  The s p e c i f i c a t i o n  and 

c h o i c e  o f  f u n c t i o n , i l  form f o r  P ( B )  shou ld  s e r v e  t o  d u p l i c a t e  t h e  i n f o r m a t i o n  

a c q u i r e d  by househo lds  i n  t h e i r  d e c i s i o n  making p r o c e s s .  Next , c a l c u l a t e  

t h e  i m p l i c i t  p r i c e  of each  b o a t i n g  a t t r i b u t e  by t a k i n g  t h e  f i r s t  d e r i v a t i v e  

o f  P ( B )  e v a l u a t e d  a t  t h e  a t t r i b u t e  l e v e l  f o r  each  househo ld .  I n  t h e  second 

s t e p ,  the e s t i m a t e d  i m p l i c i t  p r i c e s  a r e  used t o  estimate t h e  demand f o r  

f i s h i n g  a t t r i b u t e s  i n  t h e  same way d i r e c t  o b s e r v a t i o n s  on pr ices  are  used .  

E m p i r i c a l  Plodel and Kesul  ts 

A su rvey  was conduc tcd  i n  Kailua-Kona, H a w a i i  d u r i n g  1 9 7 7 .  I n f o r m a t i o n  

is used from 144 llouselwlds o u t o f  a random sample  o f  450 r e g i s t e r e d  vessel 

owners .  Households  were d e l e t e d  f o r  a t  l ea s t  one of t h e  f o l l o w i n g  r e a s o n s :  

Respondent  cou ld  n o t  bc r e a c h e d ;  r e sponden t  does  n o t  f i s h  f o r  relevant 

s p e c i e s ;  r e sponden t  re fus t .d  i n t e r v i e w ;  r e s p o n d e n t  i s  a commercial  f i s h e r m a n  

and dc.r ives  100% o f  i i iconc f rom f i s h i n g ;  s u r v e y  q u e s t i o n n a i r e  n o t  comple t e ;  

o r  v e s s e l  is  used  f o r  c h a r t c l r i n g .  Most househo lds  have  a head  of household  

w i t h  a f u l l - t i m e  j o b  n o t  r e l a t e d  t o  f i s h i n g .  Ground t r a n s p o r t a t i o n  c o s t s  

t o  t h e  r e c r e a t i o n a l  s i t e  a re  n o t  a n  i n p o r t a n t  f a c t o r  as  i n  many o u t d o o r  

r e c r e a t i o n a l  s t u d i e s  s i n c e  househo lds  r e s i d e  a t  t h e  s i t e .  



C o n s i s t e n t  w i t h  the concep t u 3 1  model ,  t h e  househo lds  su rveyed  a re  

engaged i n  a household  b o a t i n g  a c t i v i t y  composed of number o f  f i s h  c a u g h t ,  

f i s h  s i z e ,  and d i f f e r e n t  t y p e s  of b o a t i n g  t r i p s .  For  pu rposes  o f  a n a l y s i s  

i t  i s  d e s i r a b l e  t o  d i s a g g r e g a t e  t h e  c a t c h  i n t o  d i f f e r e n t  spec ies .  A 

m u l t i s p e c i c s  a n a l y s i s  r e c o g n i z e s  t h a t  househo lds  i n  t h i s  p a r t i c u l a r  

f i s h e r y  possess  some d i s c r e t i o n  a s  t o  which species t h e y  c a t c h .  T h i s  i s  

c o n t r o l l e d ,  i n  p a r t ,  by a rea  f i s h e d  and t y p e  of f i s h i n g  t a c k l e  used .  

Fishermen may also dctcrInLne what s i z e  of  f i s h  t h e y  c a t c h  by c h o i c e  of  

v e s s e l  and o t h e r  t y p e  of  equipment .  However, such  d e c i s i o n s  a b o u t  s i z e  

w i l l  a f f e c t  t h e  s i z e  o f  a l l  s p e c i e s  c a u g h t .  T h e r e f o r e  t h e  s i z e  a t t r i b u t e  

i s  f o r  t h e  nggreg<at(b c n t c l ~  r : i thcr  than by s p e c i e s .  I n  t h e  f i r s t - s t e p  

a n a l y s i s  the> hedon ic  p r i c e  f u n c t i o n  P(I3) i s  i n i t i a l l y  s p e c i f i e d  i n  t h e  form 
3 

Foo tno te  3 

where 

P = t o t a l  a n n u a l  e x p e n d i t u r e s  f o r  goods and t i m e  i n p u t s  

t o  t h e  b o a t i n g  commodity; 

a r e  parameters t o  be  e s t i m a t e d ;  
i j  

a, B,, and Y 

B1 = BILL = a n n u a l  nuiibcr of  b i l l f i s h  l anded  s u c h  as b l u e  marlin, 

b l a c k  m a r l i n ,  s t r i p e d  m a r l i n ,  s p e a r f i s h ,  and s a i l f i s h ;  

B 2  = CANE = annuaL number of  o t h e r  gamef i sh  l anded  s u c h  as 

mah imnh i and wahoo ; 

B 3  = T U N A  = a n n u a l  number of tuna  landed  such  as s k i p j a c k  tuna  and 

y e l l o w f i n  t u n a ;  



.. 

12 

E[, = S I Z E  = mean s i z e  of f i s h  i n  pounds f o r  t o t a l  f i s h  l a n d e d ;  

Ii5 = FTRII’ = a n n u a l  number o f  f i s h i n g  day t r i p s ;  

B6 =I NFTRIPS = a n n u a l  number of  b o a t i n g  day  t r i p s  which do n o t  

i n v o l v e  f i s h i n g ;  and 

c fs a random e r r o r  term. 

As Rosen e x p l a i n s ,  a c t u a l  s p e c i f i c a t i o n  of  e q u a t i o n  ( 2 1 )  shou ld  s e r v e  

t o  c a p t u r e  a s  much o f  the sys temat ic  i n f o r m a t i o n  a v a i l a b l e  i n  t h e  da ta - -  

i n f o m i a t i o n  used  by I iousvl iolds  i n  t h e i r  household  p r o d u c t i o n  and consumpt ion  

d e c i s i o n s .  To accompl ish  t h i s ,  s u b s e t s  of  t h e  d a t a  were i n v e s t i g a t e d  t o  

e v a l u a t e  i f  d i f f e r e n t  g roups  o f  househo lds  made u s e  o f  d i f f e r e n t  t y p e s  

o f  i n f o r m a t i o n  i n  t t i c i r  housc,llold d e c i s i o n .  The househo lds  are  s t r a t i f i e d  

i n t o  i h r e e  g roups  b y  how oi‘iny years t h e y  have  p a r t i c i p a t e d  i n  b o a t i n g  w i t h  

t h e i r  c u r r e n t  v e s s e l .  The three g roups  are  i d e n t i f i e d  as new (one  f u l l  

y e a r  o r  l e s s ) ,  i n t e r m e d i a t e  and e s t a b l i s h e d  ( f o u r  y e a r s  o r  more) .  The 

model s p e c i f i c a t i o n  d i f f e r s  f o r  each  group and f o l l o w s  o n e  method 

s u g g e s t e d  by T h e i l  and used i n  o t h e r  hedon ic  p r i c i n g  models  (Witte, Sumka 

and Erekson) .  For each  g roup ,  t h o s e  v a r i a b l e s  i n  e q u a t i o n  (20) w i t h  a 

t - r a t i o  of less than one  are  dropped  w i t h  c o n s i d e r a t i o n  f o r  joint s i g n i f i -  

Table  2 cance .  The results i n  t a b l e  2 ,  u s i n g  o r d i n a r y  l eas t  s q u a r e s ,  r e f l e c t  t h i s  

c h o i c e .  The r e s u l t s  a re  i n t e r p r e t e d  by t a k i n g  t h e  f i r s t  d e r i v a t i v e  of  

e q u a t i o n  (20) f o r  each a t t r i b u t e  t o  c a l c u l a t e  i m p l i c i t  p r i c e s  f o r  each  o f  

t h e  1 1 4  h o u s e h o l d s .  

o n e  f i s h  i s  $140 f o r  a b i l l f i s h ,  $30 f o r  o t h e r  gamef i sh ,  and $18 f o r  a n  

a d d i t i o n a l  t u n a .  I f  t h e  average  f i s h  l anded  weighed one  a d d i t i o n a l  pound, 

t h e  household  would p a y  $11 f o r  t h e  m a r g i n a l  i n c r e a s e  i n  t o t a l  pounds 

l anded .  The p r i c e s  f o r  each species o f  f i s h  and f i s h  s i z e  are r e a s o n a b l e  

Thc. rnc’an i m p l i c i t  p r i c e  f o r  i n c r e a s i n g  t h e  c a t c h  by 
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es t i i . : , i t es  g ivcn  t h e  i i i t ( ~ r p r c ~ t a L i o n  o f  t h e  i m p l i c i t  p r i c e s  deve loped  i n  t h e  

4 Foo tno te  4 I iousei iold p roduc . t l ou  modc.1. l'lic i m p L i c i t  p r i c e  f o r  one a d d i t i o n a l  b o a t i n g  

t r i p  is  $ 1 2 2  i f  the t r ip  i n v o l v e s  f i s h i n g .  The c s t i m a t e d  p r i c e  f o r  a 

n3n- f iTh ing  t r i p  i s  $ 5 1 ,  br i t  i t  is  assumed t h a t  a n  i m p l i c i t  marke t  does  n o t  

exi:,t f o r  t h i s  n t t r i b u t c . .  Over 95% of the b o a t i n g  t r i p s  i n v o l v e  f i s h i n g ,  

t h e r e f o r e  i n  t h e  sccontl-s t cp  a n a l y s i s  marke t s  a r e  o n l y  d e s c r i b e d  f o r  t h e  

f i v e  f i s h i n g  a t t r i b u t e s .  These r e s u l t s  show t h a t  t h e  v a l u e  of a f i s h e r y  

can be  measured i n  d i f f ck rcn t  wnys--the v a l u e  o f  t h e  r e s o u r c e  i n  number o f  

f i s h  o r  f i s h  s i z e  and  t h e  v a l u c  f i shc rmen  p lace  on a f i s h i n g  d a y - t r i p ,  

h o l d i n g  o t h e r  a t t r i b u t e s  c o n s t a n t .  

TI:c P t ~ ~ r d  for  F k ; h i n j  A f + , P ~ ? ) u  t cs 

I n  the second-s t ep  a n , i l y s i s  t h e  e s t i m a t e d  i m p l i c i t  p r i c e s  a r e  used t o  

e s t i m a t e  t h e  demand f u n c t i o n  f o r  each  f i s h i n g  a t t r i b u t e .  The demand f u n c t i o n  

f o r  t h e  i t h  a t t r i b u t e  i s  

(22) Pi = P i ( B I ,  ..., B i ,  ..., B5, NFTRIP, I N C ,  AGE) 

where t h e  B ' s  and NFTKII' a re  a s  d e f i n e d  p r e v i o u s l y ,  I N C  i s  a n n u a l  household  

income i n  $1 ,000  and AGE i s  age of  t h e  head  of  househo ld .  

a r e  e s t i m a t e d  u s i n g  o r d i n a r y  l e a s t  s q u a r e s .  The pa rame te r  estimates a re  

s u b j e c t  t o  b i a s  d u c  t o  s i m u l t a n e o u s  changes  i n  a t t r i b u t e s  and s h i f t s  i n  

s u p p l y  caused  by d i f f e r e n c e s  i n  c o s t s  o r  e x p e r t i s e  i n  f i s h i n g  a c r o s s  

househo lds .  Cos t  d i f f e r e n c e s  may be measured by access t o  b e t t e r  i n f o r m a t i o n  

a b o u t  f i s h i n g  c o n d i t i o n s  t h r o u g h  a n g l i n g  c l u b s ,  whe the r  t h e  vessel  is 

t r a i l e r e d  t o  a launch  s i t e  o r  moored, t h e  number of  p a s s e n g e r s  t h e  vessel 

i s  des igned  t o  accommoda~e, f a m i l i a r i t y  w i t h  f i s h i n g  methods ,  and t h e  f i s h -  

e rman ' s  f a m i l i a r i t y  w i t h  t h e  f i s h i n g  g rounds .  The r e s u l t s  o f  t h e  second-  

i 

The demand f u n c t i o n s  

T a b l e  3 s t e p  a n a l y s i s  are  surmnarizcd i n  t a b l e  3 .  
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P r i c e  and q u a n t i t y  circ i n v e r s e l y  r e l a t e d  i n  demand f o r  f o u r  o u t  of  

5 Foo tno te  5 f i v e  f i s h i n g  a t t r i b u t e s .  The  m a r g i n a l  i m p l i c i t  p r i c e  of  b i l l f i s h  i s  n o t  

a f f e c t e d  by i n c r e n e n t a l  c l ianges  i n  t h e  b i l l f i s h  c a t c h ,  h o l d i n g  o t h e r  

t h i n g s  c o n s  tan t . llic. m . i r j ; i  n<i 1 v a l u a t i o n  of  gamef i s h  d e c r e a s e s  a b o u t  $6 

f o r  ,111 incrclasc. of ont3 g , l m c \ f i s h  w h i l e  t h e  m a r g i n a l  i m p l i c i t  p r i c e  f o r  t una  

dc)crtX,ises o n l y  , i t lou t  $ 1  I'or 3 1 1  I n c r e a s e  o f  o n e  t u n a .  I f  t h e  s i z e  of  each  

l n n d v t i  fish incr t .ascs  o n  tlie .ivckrnge o f  1 pound t h e n  t h e  w i l l i n g n e s s  t o  

p,?y for f i s h  s i z e  w o u l d  C I C > C  rt ' , isc Libout $0.61.  T h e  m'irginal i m p l i c i t  p r i c e  

f o r  ;I f i s h i n g  t r i p  will  f a l l  abou t  $1 i f  t h e  household  t a k e s  one  a d d i t i o n a l  

t r i p .  

A p o i n t  o f  in te rcas t  in n m u l t t s p t c i e s  a n a l y s i s  is  t h e  i n t e r a c t i o n  

bct:jc'(>n s p c c  it.s. I f  s p c v '  ics <ire de te rmined  t o  be  b i o l o g i c a l l y  i n d e p e n d e n t ,  

picccmc>al steps arc' usu : i l  1y tc iken  to managc each  s p e c i e s .  However, t h e  

i m p l i c i t  marke t s  f o r  t 1 1 c b  s p c ~ i c s  may be  i n t e r r e l a t e d  as t h e  r e s u l t s  h e r e  

i n d i c a t e .  Four o u t  of  t t ic s i x  c o e f f i c i e n t s  are s i g n i f i c a n t l y  d i f f e r e n t  

from z e r o  showing t h a t  t l i r a  spec ies  i n  t h i s  f i s h e r y  c a n  b e  e i t h e r  s u b s t i t u t e s  

or cnnplementu f o r  each  o t h e r  i n  consumpt ion .  Tuna and o t h e r  gamef i sh  

a re  s u b s t i t u t e s  s i n c e  a n  i n c r e a s e  i n  t h e  number of  gamef i sh  c a u s e s  the 

i m p l i c i t  p r i c e  o f  t una  t o  f a l l .  Ttie r e s u l t s  o f  t h e  t h e o r e t i c a l  model 

i n d i c a t e  t h a t  thc s u b s t i t u t i o n  between t h e s e  two s p e c i e s  can b e  e x p l a i n e d  

by morc t h a n  j u s t  s u b s t i t i i t c > s  i n  t h e  demand f o r  r e c r e a t i o n a l  f i s h i n g .  

T h e  r < b s u l t s  may a l s o  r c , f l e c t  s u b s t i t u t i o n  o f  t h e  s p e c i e s  i n  commercial  

s a l e s  o r  i n  food consumpt ion ,  as in t h e  c a s e  of  a s u b s i s t e n c e  f i s h e r y .  

The r c s u l  ts  a l s o  i n d i c n t  c t t i n t  b i l l f i s h  and gamef ish  a re  complements i n  

demand. But t h i s  is q u a l i f  i d  by  tlie p o s s i b l e  c o r r e l a t i o n  o f  t h e s e  

a t t r i b u t e s  i n  supply--evc~n tliougti w e  assume i n  t h e  model t h a t  a s u f f i c i e n t l y  
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l a r g e  combina t ion  o f  s p e c i c i s  i s  a v a i l a b l e  t o  t h e  household  f o r  t h e  c h o i c e  

t o  be c o n t i n u o u s .  A second complementary r e l a t i o n s h i p  e x i s t s  between 

b i l l f l s h  and tuna. An i n c r e a s e  i n  number o f  b i l l f i s h  l a n d e d  i n c r e a s e s  t h e  

demand f o r  t u n a .  A p r i o r i ,  t h e r e  are s t r o n g c r  r e a s o n s  t o  e x p e c t  t h e  

i n t e r s p c c i e s  r c l a t i u n s h i p  t o  r e f l e c t  s u b s t i t u t i o n ,  a s  between tuna  and 

o t h e r  gamef i sh ,  o r  indepcndence  r a t h e r  than r e f l e c t  a complement 

r e l a t i o n s h i p .  fiowcvcr, t h e r e  a r e  two p o s s i b l e  a c t i v i t i e s  which may e x p l a i n  

p a r t  o f  t h e  a p p a r e n t l y  anornolous r e s u l t  o f  b i l l f i s h  b e i n g  a complement good 

f o r  t u n a .  F i r s t ,  the s i i inl ler  t una  are  sometimes used a s  l i v e  b a i t  f o r  

b i l l f i s h  so t h a t  p a r t  of the demand f o r  t una  may b e  d e r i v e d  from t h e  demand 

f o r  b i l l f i s h .  'The p r a c t i c e  o f  u s i n g  t h e  tuna  c a t c h  f o r  b i l l f i s h  b a i t  

d o e s  not  seem so  p r e v a l e n t ,  t hough ,  t h a t  t h e  two p r o d u c t s  s h o u l d  be  

i d t > n t i f i e d  as j o i n t  producits 111 p r o d u c t i o n .  But t h e  a c t i v i t y  may i n f l u e n c e  

t h e  e s  t ima ted  cornplcmen t a ry  r e l a t i o n s h i p .  Second ly ,  commercial  b u y e r s  of  

t h e  r e c r e a t i o n a l  c a t c h  d e a l  mos t ly  i n  t u n a .  F ishermen who want  t o  s e l l  

t h e i r  b i l l f i s h  c a t c h  may f i n d  i t  less c o s t l y  t o  f i n d  a buyer  and more 

r eward ing  i n  p r i c e  i f  t h e y  c a n  s e l l  tuna  t o  t h e  buye r  a l s o .  The re  is  no 

e v i d e n c e  of such  t y i n g  s a l e s ,  b u t  s c a t t e r e d  i n s t a n c e s  of  t h i s  p r a c t i c e  

may a l s o  e x p l a i n  p a r t  o f  t h e  e s t i m a t e d  complementary r e l a t i o n s h i p .  

Hold ing  c a t c h  by s p e c i e s  c o n s t a n t  t h e  m a r g i n a l  v a l u a t i o n  of b i l l f i s h  

and gamef ish  a r e  a f f e c t e d  i n  d i f f e r e n t  ways by a change  i n  t h e  mean f i s h  

s i z e .  An i n c r e a s e  i n  t h e  mean f i s h  s i z e  prompts  t h e  household  t o  p l a c e  a 

h i g h e r  m a r g i n a l  v a l u e  on a b i l l f i s h .  T h i s  f o l l o w s  from t h e  t rophy  v a l u e  

p l a c e d  on l a r g e r  b i l l f i s h  i n  r e c r e a t i o n .  Fo r  example,  a 1 pound i n c r e a s e  

would prompt f i she rmen  t o  b e  w i l l i n g  to pay ,about $4 mre for a b i l l f i s h .  But 

a m a r g i n a l  i n c r e a s e  i n  thc mean f i s h  s i z e  c a u s e s  a f a l l  i n  t h e  demand f o r  
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f i s h  s i z e .  T h i s  c o u l d  b c  e x p l a i n e d ,  i n  p a r t ,  by t h e  d e s i r e  o f  househo lds  

t o  l a n d  a givc.n q u a n t i t y  o f  gnmef ish  i n  pounds.  T h e r e f o r e ,  i f  t h e  

housel iold i!; a b l e  t o  l and  more gamef i sh  ( o r  t unn)  i n  number, t h e n  i t  is 

n o t  w i l l i n g  t o  p a y  as nuch f o r  a m a r g i n a l  improvement i n  f i s h  s i z e .  

Fis l i  s i z c  t,ics%irly s e r v e s  as an i m p o r t a n t  d e t e r m i n a n t  o f  demand f o r  

f i s h i n g  t r i p s .  As ttie s i z e  o f  t h e  t o t a l  c a t c h  i n c r e a s e s ,  t h e  m a r g i n a l  

v , i l l ~ , i t i o n  o f  a f i s h i n g  t r i p  i n c r e a s e s .  And i t  a l s o  h o l d s  t h a t  t h e  more 

nctivca the household is  i n  the  f i s h e r y ,  as  mcasurcd by t h e  a n n u a l  number 

of  f i s h i n g  t r i p s ,  t h e  more t h e  l iousehold i s  w i l l i n g  t o  pay f o r  a n  i n c r e a s e  

i n  f i s h  s i z c .  

tis oric migl i t  e x p e c t ,  t o t a l  ca tch  o f  gnmcf ish  and t o t a l  c a t c h  o f  t u n a  

arc' (~orrlplcrnc3nts w i t l i  f i s l l i n ~ ;  t r f p s .  T h i s  i s  e v i d e n t  i n  t h e  demand f u n c t i o n s  

f o r  g . inef ish a n d  t u i u ,  a n d  i n  the demand f u n c t i o n  f o r  f i s h i n g  t r i p s .  

However, f i s h i n g  t r i p s  and  b i l l f i s h  c a t c h  a r e  s u b s t i t u t e s  i n  consumpt ion .  

T h i s  r e s u l t  i n d i c a t e s  t h a t  households  t a k i n g  fewer  t r i p s  p e r  y e a r  are  

w i l l i n g  t o  pay more t o  c'itch and l a n d  a b i l l f i s h  t h a n  h o u s e h o l d s  which  

f i s h  more o f t e n .  

The r e m a i n i n g  independen t  v a r i a b l e s ,  n o n - f i s h i n g  t r i p s ,  income, and 

a g e ,  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from z e r o  i n  f o u r  i n s t a n c e s .  The more 

n o n - f i s h i n g  t r i p s  a household  t a k e s  d u r i n g  t h e  y e a r  t h e  l e s s  i t  i s  w i l l i n g  

t o  pay  f o r  a m, i rg ina l  improvement i n  f i s h  s i z e .  An i n c r e a s e  i n  income 

inc rcc i sc s  tlie dcmniltl f o r  f i s h i n g  t r i p s  b u t  d e c r e a s e s  t h e  demand f o r  t u n a .  

The r e v e n u e  from tunn s a l e s  and t h e  u s e  of  t una  f o r  home consumpt ion  

r e p r e s e n t  i m p o r t a n t  supplwi ien ts  t o  money income f o r  t h e  lower  income g roups  

i n  t h e  s u r v e y .  I t  i s  l i l c v l y  t 1 i . i ~  as iricomc i n c r e a s e s  t h e s e  househo lds  

s u b s t i t u t e  away from tuna  t o  bo th  o t h e r  t y p e s  of  r e c r e a t i o n  and o t h e r  
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s o u r c e s  of food .  Age i s  invc l rse ly  r e l a t e d  t o  t h e  demand f o r  f i s h i n g  t r i p s .  

T h i s  c o n c l u d e s  a d e s c r i p t i o n  o f  t h e  consumptlon b e h a v i o r  i n  t h e  f i s h e r y .  

T h e  f o l l o w i n g  s e c t i o n  d<bInoi1strnt.cs t h e  d i f f e r e n t  ways t h e s e  r e s u l t s  c a n  

be  used t o  assess p o l i c y  i s s u e s .  

Consiowr ' s  Sui>plu:; 

Pleasures o f  consumer I s  s u r p l u s  f o r  c? household  may b e  approximated  

from t h e  e s t i m a t e d  demand c u r v e s  t o  assess t h e  g a i n s  o r  l o s s e s  i n  w e l f a r e  

a s s o c i a t e d  w i t h  a l t e r n a t i v e  p u b l i c  p o l i c i e s .  Suppose,  For example ,  a 

p o l i c y  i n c r e a s e s  t h e  c a t c h  r a t e  f o r  a p a r t i c u l a r  s p e c i e s ,  r e d u c e s  c o s t s  

rind r e s u l t s  i n  a 10% i n c r e , i s c  i n  t h e  economic e q u i l i b r i u m  t o t a l  c a t c h  € o r  

t h a t  s p e c i e s .  

i n  t h e  i m p l i c i t  marke t  for t h a t  s p e c i e s  r e p r e s e n t s  t h e  g a i n  t o  househo lds  

i f  s u p p l i e s  a r e  s u f f i c i e n t l y  e l a s t i c  i n  t h e  o t h e r  a t t r i b u t e  m a r k e t s  f o r  

o t h e r  p r i c e s  n o t  t o  b e  a f f e c t e d .  The g a i n  a s s o c i a t e d  w i t h  b i l l f i s h ,  o t h e r  

The r e s u l t i n g  i n c r e m e n t a l  i n c r e a s e  i n  consumer ' s  s u r p l u s  

6 Foo tno te  6 gamef ish  and t u n a ,  i n d i v i d u a l l y ,  i s  $11, $82 ,  and $ 7 2 ,  r e s p e c t i v e l y .  

O the r  p o l i c y  measures  whlcli i n f l u e n c e  t h e  mean f i s h  s i z e  

o f  f i s h i n g  t r i p s  c a n  be  e v a l u a t e d  i n  t h e  same manner.  I f  s u p p l i e s  a r e  

less e l a s t i c  i n  t h e  o t h e r  marke t s ,  t h e n  t h e  f u l l  a s s e s s m e n t  of t h e  g a i n  

( o r  l o s s )  would depend on t h e  s u p p l y  c u r v e s  i n  t h o s e  m a r k e t s  as w e l l  as  

t h e  dernand c u r v e s .  

o r  a n n u a l  number 

Summary and Conc lus ion  

The t h e o r y  of household  p r o d u c t i o n  serves as a framework t o  e v a l u a t e  

i m p l i c i t  marke t s  and assess w e l f a r e  i m p l i c a t i o n s  of  p o l i c y  measures  i n  

ou tdoor  r e c r e a t i o n .  In r e c r e a t i o n a l  f i s h e r i e s  e a c h  of t h e  most  common 
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p o l i c y  v a r i a b l e s  a r e  i n c o r p o r a t e d  i n t o  a household  p r o d u c t i o n  model o f  a 

b o a t i n g  a c t i v i t y .  "lie a c t i v i t y  i s  c h a r a c t e r i z e d  by number of  f i s h  l anded  

by s p c c i e s ,  f i s h  s i z e ,  number of f i s h i n g  t r i p s ,  and number o f  n o n - f i s h i n g  

t r i p s .  From t h e  r e s u l t s  o f  t h e  c o n c e p t u a l  model i t  i s  concluded  t h a t  t h e  

m a r g i n a l  v a l u a t i o n  o f  the  f i s h e r y  r e s o u r c e  depends  on how t h e  r e s o u r c e  

is  measured (number of  f i s h  l anded  and f i s h  s i z e )  a s  w e l l  a s  t h e  d i s p o s i -  

t i o n  of  t h e  c a t c h  ( r e l e a s e ,  coiiimercial sa les  o r  s u b s i s t e n c e ) .  These 

f i n d i n g s  ex tend  p r e v i o u s  r c > c r e a t i o n a l  f i s h i n g  s t u d i e s  which assume f i s h  

s i z e  d o e s  n o t  g e n e r a t e  r e c r e a t i o n a l  b e n e f i t s  i ndependen t  o f  t h e  q u a n t i t y  

of f i s h  l anded .  Fu r the rmore ,  t h e  f i n d i n g s  e x t e n d  p r e v i o u s  s t u d i e s  i n  

ou tdoor  r e c r e a t i o n  r e l e v a n t  t o  r e s o u r c e  v a l u a t i o n  which do  n o t  e x p l i c i t l y  

r e c u g n i z e  t h e  impact  o f  d i s p o s i t i o n a l  b e n e f i t s  i n  t l ic  consumption d e c i s i o n .  

F'ishcrrnen consider a11 a s s o c i a t e d  bcnef  i t s  d e r i v e d  from t h e  f i s h e r y  

r e s o u r c e .  The i n t e r p r e t a t i o n s  o f  t h e  e s t i m a t e d  m a r g i n a l  v a l u e s  f o r  t h e  

b o a t i n g  a t t r i b u t e s  and i n t e r a c t i o n  between p o l i c y  v a r i a b l e s  i n  household  

consumption b e h a v i o r  shou ld  r e f l e c t  t h e  commercial  and s u b s i s t e n c e  u s e  of  

t h e  r e c r e a t i o n a l  r e s o u r c e .  

The i m p l i c i t  p r i c e s  e s t i m a t e d  f o r  b i l l f i s h ,  o t h e r  gamef i sh , and  t u n a  

i n  a H a w a i i  f i s h e r y  r e p r e s e n t  t h e  m a r g i n a l  v a l u e  p l a c e d  on t h e s e  s p e c i e s  

i n  r e c r e a t i o n ,  commercial  sa l ts ,  and s u b s i s t e n c e  f i s h i n g  combined. The 

imp1 f c i t  p r i c e  e s t in i a t ed  f o r  f i s h  s i z e  a l s o  r e p r e s e n t s  t h e  d i s p o s i t i o n a l  

u s e  of t h e  c a t c h  as  w e l l .  as r e c r e a t i o n a l  u s e .  Using t h e s e  p r i c e s  w i t h  

t h e  e s t i m a t e d  p r i c e  f o r  f i s h i n g  t r i p s  t o  a n a l y z e  t h e  i m p l i c i t  demand f o r  

each  a t t r i b u t e ,  tlic i n t e r a c t i o n s  between p o l i c y  v a r i a b l e s  a r e  d e s c r i b e d .  

The i n t e r s p c c i e s  bvt iavior  is  d e s c r i b e d  by !-he s u b s t i t u t e  o r  complement 
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r e l a t i o n s h i p  bctwccn spccics i n  demand. Again ,  t h e  e m p i r i c a l  r e s u l t s  

a re  i n t e r p r e t e d  w i t h  the f i n d i n g s  of  t h e  c o n c e p t u a l  model .  The i n t e r -  

a c t i o n  between spec ies  i s  e s p l a i n e d  by h o w  they  a re  combined i n  r e c r e n -  

t ion'i 1 dcmand as wcll < I S  t i o w  t l~cby a re  combiuc-d i n  commercial  s a l e s  and food 

consumption by t h e  househo ld .  Tl~e s u b s t i t u t i o n  o r  complementary r e l a t i o n -  

s h i p  between c a t c h  by s p e c i e s  and  f i s h  s i z e  i s  e x p l a i n e d  by t h e  same t y p e  

o f  f a c t o r s .  F i s h  s i z e  a l s o  i n t e r a c t s  w i t h  number of  f i s h i n g  t r i p s .  The 

l a r g e r  the fish s i z e  t h e  g r e a t e r  t h e  demand f o r  f i s h i n g  t r i p s ;  and 

c o n v e r s e l y ,  t h e  more ;I household p a r t i c i p a t e s  i n  a f i s h e r y  t h e  more i t  i s  

w i l l i n g  t o  pay f o r  a m a r g i n a l  improvement i n  f i s h  s i z e .  F i n a l l y ,  from t h e  

r e s u l t s  i t  i s  concluded  t h a t  f o r  c e r t a i n  species  t h e  household  s u b s t i t u t e s  

bctwecin annual  ca t c l i  aiid a i i n u a l  number o f  t r i p s .  I n  t h e  case of b i l l f i s h ,  

I iouscliolds whicli  take  fewc,r t r i p s  a r e  w i l l i n g  t o  p a y  more f o r  a b i l l f - t s h  

c a t c h .  B u t  t iouscliolds wliLcli t a k e  more t r i p s  a r e  o n l y  w i l l i n g  t o  pay n:ore 

f o r  o t h e r  gamef ish and tuna c 3  t c h e s ,  r e f l e c t i n g  the Complementary 

r e l a t i o n s h i p  b e t w e e n  tticsc p o l i c y  v a r i a b l e s .  The e s t i m a t e d  demand c u r v e s  

f o r  each  p o l i c y  v a r i a b l e  niny be  used  t o  assess t h e  welfare i m p l i c a t i o n s  

f o r  d i f f e r e n t  p o l i c y  sc1icmc.s. A p p l i c a t i o n  o f  t h e  r e s u l t s  f o r  t h i s  pu rpose  

i s  demons t r a t ed  f o r  p o l i c i e s  which i n c r e a s e  t h e  c a t c h  ra tes  and t h u s  

r educe  t h e  c o s t  of l a n d i n g  n f i s h .  
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.. , 

Foo t n o t c s  

'The f u l l  income concep t  used i n  household  p r o d u c t i o n  t h e o r y  appears  

t o  b r  a t  odds  w i t h  s t u t 1 i c . s  w l l i c h  conc lude  t h a t  t h e  u s e  o f  t h e  wage 

r a t e  f o r  t h e  c o s t  o f  t ime i s  i m i p p r o p r i a t c .  These s t u d i e s  a n a l y z e  t h e  

v a l u e  of t ravc .1  t i m e  i n  t he  e s t i m a t i o n  of r e c r e a t i o n  b e n e f i t s  ( s e e  C e s a r i o  

f o r  such  a n  a n a l y s i s  and a d i s c u s s i o n  o f  o t h e r  s t u d i e s ) .  The c o n f l i c t  

does  n o t  occi i r  i n  t h e  p r e s e n t  s t u d y .  T r a v e l  t i m e  i s  minimal  f o r  t h e  

p a r t i c i p a n t s  of  t f i c  p a r t i c u l a r  f i s h e r y  a n a l y z e d  i n  t h e  e m p i r i c a l  s e c t i o n  

o f  t h i s  pape r  s i n c e  they  l i v e  a t  t h e  r e c r e a t i o n  s i t e .  Al so ,  i t  i s  

obse rved  t h a t  p a r t i c i p a n t s  t a k e  o f f  work t i m e  o c c a s i o n a l l y  t o  engage i n  

t h e  f i s h i n g  a c t i v i t y .  

Many o c c u p a t i o n s  a r e  r c c o g n i z e d  f o r  p r o v i d i n g  non-pecuniary  income 2 

t o  worke r s .  I f  t h i s  i s  t h e  c a s e  f o r  a commercial  f i s h e r m a n  t h e n  t h e  above 

r e s u l t s  show t h a t  t h e  m a r g i n a l  v a l u a t i o n  of  t h e  number of  f i s h  l anded  is 

u n d e r s t a t e d  by  t h e  comincrcial  marke t  p r i c e .  The d i f f e r e n c e  between t h e  

f u l l  m a r g i n a l  v a l u a t i o n  and  p e c u n i a r y  income i s  t h e  monetary e q u i v a l e n t  of 

t h e  marg ina l  u t i l i t y  o f  l a n d i n g  a commercial  f i s h  o r  non-pecuniary  income. 

From e q u a t i o n s  (16)  and (18), 

C 1 
P C - p ( s  ) = - ( u  x c  ) * 

3This  f u n c t i o n a l  form does  n o t  impose a p r i o r i  c o n s t r a i n t s  on t h e  

s e c o n d  d e r i v a t i v e s  of t h e  e q u a t i o n .  Witte, Sumka, and Erekson  show t h a t  

s emi log  and l o g  l i n e a r  f u n c t i o n a l  forms used  i n  t h e  f i r s t - s t e p  a n a l y s i s  of 

e s t i m a t i n g  t h e  hedon ic  p r i c e  f u n c t i o n  (common forms used  i n  hedon ic  p r i c e  

s t u d i e s )  i n t r o d u c e  s e v e r e  b i a s  i n t o  the second-s  t e p  a n a l y s i s  of e s t i m a t i n g  



. .  . .  

. ' A  

F o o t n o t e s  ( c o n t i n u e d )  

demand f u n c t i o n s .  A n e g a t i v e  r e l a t i o n s h i p  is imposed between t h e  e s t i m a t e d  

i m p l i c i t  p r i c e  d e r i v e d  from t h e  f i r s t - s t e p  and t h e  r e s p e c t i v e  a t t r i b u t e  

q u a n t i t y  r e g a r d l e s s  of t he  e x i s t e n c e  of an i m p l i c i t  marke t  and r e g a r d l e s s  

o f  t h e  u n d e r l y i n g  economic b e h a v i o r .  

As d i s c u s s e d  i n  t h e  c o n c e p t u a l  mode l ,  t h e s e  m a r g i n a l  va lue  es timares 4 

a r e  g e n e r a t e d  by r e c r e a t i o n a l  and d i s p o s i t i o n a l  b e n e f i t s .  However, r e s o u r c e  

v a l u e s  may a l s o  b e  composed o f  non-consumptive b e n e f i t s  (Cocheba and 

Langford)  and e x i s t e n c e  b c n e f i t s  ( M i l l e r  and Menz). Whether t h e s e  a d d i t i o n a l  

b e n e f i t s  a r e  embociicd i n  the above  m a r g i n a l  v a l u e  estimates depends  on  how 

t h e s e  a d d i t i o n a l  uses o f  t h e  s e s o u r c e  are s e p a r a b l e  from t h e  b o a t i n g  commodity 

i n  the u t i l i t y  f u n c t i o n .  

5 C o e f f i c i e n t s  a r c  s i g n i f i c a n t l y  d i f f e r e n t  from z e r o  a t  t h e  0.10 l e v e l ,  

t w o - t a i l  t e s t .  

61f t h e  demand c u r v e s  a re  e s t i m a t e d  under  t h e  r e s t r i c t i o n s  o f  

symmet r i ca l  c r o s s - p r i c e  terms, t h e n  t h e  a p p r o x i m a t i o n s  of t h e  g a i n  are  

$15,  $91,  and $103, r e s p e c t i v e l y .  
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